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Cement, Concrete and Aggregate
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Kiln Fuels, 74%

Finish Milling, 4%

Raw Material Mixing, 6%

Transport, 11%

Raw Materials, 5%

Cement Kilns Drive Energy Use
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U.S. Cement Industry 

Uses ~0.450 Quads of 

Energy Annually

Marland, Gregg, et al. "Global, regional, and national fossil fuel CO2 emissions." Trends: A Compendium of Data on Global Change (2007): 
37831-6335 and WBCSD, IEA. "Cement Technology Roadmap, 2009. Carbon Emission Reductions Up to 2050." World Business Council for 
Sustainable Development and International Energy Agency 2009.



ASCE 2017 Infrastructure Report Card:  D+

Concrete Spans All These Application Sectors:*

ASCE. 2017 Infrastructure Report Card. American Society of Civil Engineers. Available Online: https://www.infrastructurereportcard.org/

PCA. “2015 U.S. Cement Industry Annual Yearbook.” Portland Cement Association (2015). Available online: 

http://www2.cement.org/econ/pdf/Yearbook_US_2015_2sided.pdf

Includes the critical highways, bridges, commuter rail, and transit systems

Surface 

Transportation

Water & 

Wastewater Electricity Airports

Inland 

Waterways & 

Marine Ports All Sectors

Investment Needs –

2016 through 2025
$2,042 $150 $934 $157 $37 $3,320

Investment Needs –

2016 through 2040
$7,646 $204 $2,458 $376 $112 $10,796

* In Billions of dollars

2.9 Quads 4.8 Quads

https://www.infrastructurereportcard.org/
http://www2.cement.org/econ/pdf/Yearbook_US_2015_2sided.pdf
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Aesthetic ‘Stone’ Structures

Construction started September 18, 1793

Original Completed 1800

Current Form Constructed 1855 - 1866
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Aesthetic Durable Structures

Pantheon Construction: 113-125 AD
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Aesthetic Durable Structures

Construction started September 18, 1793

Original Completed 1800
Pantheon Construction: 113-125 AD



Roman Concrete Composition
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Built: 100-110 AD Inaugurated: 113 AD
Conglomeratic wall concrete volcanic ash –

hydrated lime mortar



Roman Concrete Microstructure
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Marie D. Jackson, Sean R. Mulcahy, Heng Chen, Yao Li, Qinfei Li, Piergiulio Cappelletti, 

Hans-Rudolf Wenk American Mineralogist  (2017) 102 (7): 1435-1450.

Cementitious Hydrates
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Modern Concrete Micro-cracking
Micro-Cracks



Durability: Composition Challenge
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Chabazite

Phillipsite Katoite
Al-Tobermorite

Strätlingite

1. Abiotic Compositional Approach

i. Accelerate Novel “in-situ” Materials/Mineral Generation

Found in Roman Concretes to Mitigate Micro-cracking:





Durability: Process Challenge
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2. Process Approaches

i. Kiln Process Integration, Simplification, and Hybrid Feedstocks:

Van Oss, Hendrik G. Background facts and issues concerning cement and cement data. 2005.



Durability: Biogenic Challenge
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3. Biomediated/Biogenic component or ‘Self-healing’ Approach

i. Bio-deposition and Accretion

Marie D. Jackson, Sean R. Mulcahy, Heng Chen, Yao Li, Qinfei Li, Piergiulio Cappelletti, 

Hans-Rudolf Wenk American Mineralogist  (2017) 102 (7): 1435-1450.



THANK YOU!
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joseph.king@hq.doe.gov


